Introduction
Rheumatoid arthritis (RA) is characterized by persistent inflammation in joints that leads to damage in the surrounding cartilage and bone. Patients with RA have been shown to be at increased risk for hospitalized infectious events (HIEs) compared to the general population [1, 2] , and the risk increases with more severe disease [3] . A retrospective longitudinal study showed that the rate of infections requiring medical care among patients diagnosed with RA (19.6 cases per 100 person-years) was greater than the rate for patients without an RA diagnosis (12.9 cases perStudies have suggested that oral GCs further increase the risk of HIEs among patients with RA. Although definitions of low and high dose vary between studies, exposure to low-dose GCs has been shown to increase the risk of HIEs, and exposure to high-dose GCs further increased the risk of serious infection and HIEs [5] [6] [7] [8] [9] . The purpose of this study was to better understand the impact of concomitant use of GCs among RA patients who were newly exposed to TNFi therapy. We estimated the incidence rates (IRs) of HIEs based on exposure to TNFi medications (both collectively and individually) and to exposure to various levels of GCs. The hypothesis to be tested was that the rate of HIEs is higher among patients with RA on TNFi medications exposed to low-dose oral GCs as compared to patients on TNFi medications who are not exposed to oral GCs.
Materials and methods

Study design and data source
This was a retrospective cohort study that utilized the MarketScan Commercial and Medicare supplemental claims database from January 1, 2005 through June 30, 2014. The commercial database contains the inpatient, outpatient, and outpatient prescription drug experience of ~40 million employees and their dependents, who are covered under a variety of fee-for-service and managed care health plans. The Medicare database contains the healthcare experience of ~3 million retirees with Medicare supplemental insurance paid for by employers. Both databases contain detailed cost, use, and outcomes data for inpatient and outpatient healthcare services. The medical claims are linked to outpatient prescription drug claims and person-level enrollment data through the use of unique enrollee identifiers.
The index date was the first exposure to TNFi therapy (adalimumab, certolizumab pegol, etanercept, golimumab, or infliximab). The baseline period was the 6 months preceding the index date, which was used to ensure that patients were TNFi-naïve. The follow-up period began on the index date for each patient and lasted up to 2 years. Follow-up ended on the earliest date of: disenrollment from MarketScan, HIE outcome diagnosis date, discontinuation of TNFi therapy, end of study (June 30, 2014), or 2 years after index date.
TNFi exposure was based on time from index date until the patient discontinued use of TNFi medication. Patients were permitted to switch TNFi medication if there was no interruption in TNFi use without truncating the time of follow-up. Exposure to oral GCs was assessed during the follow-up period and was categorized as: no exposure, very low dose (≤5.0 mg), low dose (≤7.5 mg), high dose (>7.5 mg), and very high dose (>20 mg). A sensitivity analysis of a dose ≥10 mg based on categories of low-dose and high-dose GCs as defined by the American College of Rheumatology (ACR) [10] was also performed. All steroid claims were converted to a 5 mg prednisone equivalent dose. Patients could have multiple oral GC exposures and could contribute time to different GC exposure categories, including the 'no exposure' category when they were off GCs. For example, a patient could have had several claims for varying low or high GC doses over the follow-up time, as well as intervals without GC claims. Each GC exposure was then allocated to the appropriate GC dose cohort and the time that patients were not receiving any GC was allocated to the no GC cohort. Cumulative episodic exposures for each dose cohort were measured. To accommodate the time required for drug clearance, the exposure time for high-dose exposures was extended an additional 3 days. If the patient transitioned directly from a high-dose to a low-dose GC, the low-dose exposure time was delayed by 3 days and the initial 3 days after the dose decrease were attributed to the high-dose GC. Exposure to other RA medications, such as nonbiologic DMARDs, was collected only during the baseline period.
Patients
Eligible patients were aged ≥18 years and had a confirmed diagnosis of RA [International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code 714.0] defined by one inpatient or one outpatient diagnostic claim accompanied by ≥1 prescription for a TNFi medication within 30 days prior to and ≤365 days after an RA claim date. Patients were required to have ≥12 months of continuous enrollment with pharmacy coverage, which included the 6-month baseline period and at least 6 months of follow-up. Patients were excluded if they had a confirmed diagnosis of psoriasis, psoriatic arthritis, ankylosing spondylitis, and/or inflammatory bowel disease (other indications for TNFi medications), a confirmed diagnosis of HIV/AIDS, any malignancy (excluding nonmelanoma skin cancer), receipt of an organ transplant before index date, exposure to a TNFi medication during the baseline period, and any inpatient HIE diagnostic claim with one overnight hospitalization stay in which the HIE diagnosis was the primary or secondary reason for hospitalization during the 90 days preceding and including the index date.
Study outcomes
The rate of incident HIEs was estimated for each oral GC exposure group, for collective TNFi exposures, and for individual TNFi medication exposures. Rate ratios comparing the incidence rates of patients with low-and high-dose GC exposures were calculated.
Statistical considerations
Incidence rates (IRs) of HIEs and 95% CIs were calculated per 100 patient-years. Univariate and multivariable Poisson regression models were used to assess the association between TNFi exposure, oral GC exposure, demographics, baseline comorbidities, concomitant medications, and HIEs. Covariates with P < 0.20 in univariate models were included in the initial multivariable model. Further evaluation was conducted to produce the most parsimonious model. Baseline demographics and clinical characteristics were based on GC category on the index date; categories were mutually exclusive at baseline.
Results
Patients
A total of 40,933 eligible patients were identified in the database. At baseline, the distribution was as follows: 28,867 patients (70.5%) on no GC, 9011 (22.0%) on lowdose GC, and 3055 (7.5%) on high-dose GC. Within the low-dose GC cohort, a subset of 8632 were on very lowdose GC and within the high-dose GC cohort, 131 were on very high dose GC. Most patients were women (77.4%), and the mean age was 53.0 [standard deviation (SD) 12.6] years ( Table 1) .
IRs of HIEs
HIE IRs were similar for all patients receiving lowdose GC (≤7.5 mg) and the subset of patients with very (Table 3) . IRs for HIEs were generally similar across TNFi medications for patients receiving no GC and low-dose GC, although infliximab appeared to have the highest IRs for all GC dose cohorts (Fig. 1) . For patients receiving high-dose GC, results were variable among the TNFi medications, possibly due to the relatively small number of patient-years of exposure for this GC dose cohort. The most common infections requiring hospitalization across all GC dose cohorts were pneumonia, cellulitis/abscess, and septicemia (Table 4) .
Adjusted rate ratios for HIEs
After controlling for variables of baseline GC dose, age, use of injectable or oral GCs, use of nonbiologic DMARDs, comorbidities (diabetes, asthma, renal disease, congestive heart failure, hypertension, peripheral vascular disease, and chronic obstructive pulmonary disease (COPD); assessed individually), baseline HIEs, and exposure to TNFi medications, the adjusted rate ratio (95% CI) for low-dose GC vs no GC was 1.4 (1.19-1.58), for high-dose GC vs no GC was 2.8 (2.30-3.31), and for high-dose GC vs low-dose GC was 2.0 (1.65-2.44) ( Table 5 ). These variables were also independent predictors of HIE risk for both low-and highdose GCs except for peripheral vascular disease, which was a predictor of HIE risk for only high-dose GCs. Infliximab was independently associated with a higher rate of infection among all steroid dose comparisons, while adalimumab was associated with a slight increase in the high-dose to no GC comparison.
Discussion
Rates of HIEs in this analysis of patients with RA were lowest for patients on no GC and increased with increasing dose of oral GCs. In a similar analysis of RA patients, the overall rate of infections requiring hospitalization was 9.6 cases per 100 person-years [1] , compared with IRs of 3.9, 6.4 and 13.3 per 100 patient-years for patients on no GC, low-dose GC, and high-dose GC, respectively, in our study. Rates of HIEs were fairly similar across TNFi medications for each GC dose cohort; although patients on infliximab had consistently higher rates of HIEs in each GC dose cohort. These results are consistent with an analysis of data from the US Veterans Administration, in which rates of hospitalizations for bacterial infections were similar between adalimumab, and etanercept, and higher for infliximab [7] . Results from that study also showed that patients receiving doses of prednisone >7.5 mg/day were at increased risk of infection [7] . Data from the Canadian BioTRAC registry showed that RA patients treated with infliximab receiving GCs at a dose >5 mg were 2.48 times more likely to develop an infection than patients with no GC exposure [11] . The trend of GC-dose-dependent increased rates of infection has been reported previously. Dixon et al. showed that increases in GC dose led to increases in relative risk for infection, with relative risks of 2.5, 3.0, and 4.3 for GC doses of 5, 10, and >20 mg, respectively [12] . RA therapies and treatment status (naïve or previously treated) were not reported, and the authors noted that adjustment for comorbidity and RA therapies led to estimates that were ~40% higher than the unadjusted estimates. Data from the German biologics register RABBIT showed that the IR ratios High Dose GC (> 7.5 mg) Fig. 1 Incidence rates of HIEs stratified by index TNFi medication. HIE incidence rates are shown for patients receiving TNFi medication exposed to no GC, low-dose GC, or high-dose GC. Error bars represent 95% CI. ADA adalimumab, CER certolizumab pegol, CI confidence interval, ETN etanercept, GC glucocorticoid, GOL golimumab, HIE hospitalized infectious event, INF infliximab, TNFi tumor necrosis factor inhibitor (95% CI) of infections in patients receiving a very high GC dose (≥15 mg) or a high GC dose (7.5-14 mg) were 4.7 (2.4-9.4) and 2.1 (1.4-3.2), respectively, compared to patients with no GC exposure [13] . The ACR defines low-dose and high-dose GCs as ≤10 mg and >10 mg, respectively [10] . Based on this cut-off, we conducted a sensitivity analysis and found that the IR (95% CI) for HIEs was 26.4 (20.4-32.33) per 100 patient-years for all patients receiving>10 mg and a notable 43.4 (25.67-61.16) for patients ≥65 years of age. These results are consistent with findings from a study that was designed to identify risk factors for serious infections in RA patients. In that study, patients receiving a dose >10 mg were 3.97 times more likely to develop a serious infection compared to patients on no GC, and that patients aged ≥80 years were at higher risk for developing an infection than patients aged <80 years (HR 2.18; 95% CI 1.21-3.91) [14] . The high risk of infection needs to be considered when selecting a GC dose for elderly patients with RA.
Per the new ACR guidelines for the treatment of RA, combination therapy can be steroid sparing [10] . Our analysis showed that exposure to nonbiologic DMARDs during the baseline period was associated with a 20-30% reduction in HIE rate ratios. This finding could be due to better disease control with combination therapy or channeling of patients at high risk of infections away from combination therapy. Our analyses were not stratified by concomitant use of nonbiologic DMARD therapies throughout the follow-up period, and further research is required to address the impact of combination therapy on HIE rates.
Age was a strong predictor of HIE risk for both low and high GC doses. Additionally, comorbidities of diabetes, asthma, renal disease, congestive heart failure, hypertension, and COPD were strong predictors of HIE risk for low and high GC doses. Hypertension, peripheral vascular disease, and COPD were predictors of HIE risk for high-dose GC but not for low-dose GC. Among the individual TNFi treatments, infliximab was associated with a higher rate of infection at both the low-and highdose comparisons, consistent with other studies [8, 15] . Notably, the infliximab cohort was older than the other TNFi cohorts (data not shown), and a high proportion of patients ≥65 years of age may have also contributed to the higher HIE rate for infliximab. This observation may be due in part to healthcare coverage for elderly patients: infused drugs such as infliximab are covered by Medicare Part B coverage whereas self-injected TNFi medications are not. Sample size was too small to allow for analyses by individual TNFi medications among those patients >65 years of age. This study was unique in that it included the assessment of HIEs in patients newly initiating TNFi therapy, and also considered the duration of both TNFi and GC exposures and GC dose levels. A strength of the study was the amount of data available from the commercial claims database. The large patient population allowed for the evaluation of different dose levels and GC dose categories. The claims database also provides information on many variables (demographic, diagnostic, prescription claims for concurrent medications, etc.) that contributed to the analysis. The study also had some limitations. While underlying disease activity was not known, we did limit the analysis to patients who were newly initiating TNFi therapy and therefore expected to be comparable with relation to disease activity. Unmeasured confounding of disease severity is therefore a limitation of this study. TNFi exposure and oral GC dose levels were defined using administrative claims and pharmacy data, resulting in an inherent risk of misclassification error. Prednisone tapering may have occurred; however, based on limitations of the dataset, we were unable to identify when this occurred. Outpatient prescription claims used to identify therapies only indicated that a prescription was filled, but provided no information on actual utilization of the medication by the patient. A patient might not submit a reimbursement claim for a pharmacy-filled GC prescription, or might split doses to extend a prescription or to save cost; therefore, there is potential for misclassification of oral GC exposure status. The sample size was quite small for some subset analyses, particularly in the highdose category, and the results of those analyses should be interpreted with caution.
In conclusion, doses of oral GCs as low as 5 mg were associated with an increased risk of infection in this cohort of RA patients. As with other subsets of the RA population, clinicians need to consider the steroid dose when evaluating the risk of infection among patients newly initiating TNFi therapies.
